Introduction
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active test cell at the left end of the near leg of the High Energy Beam Transport (HEBT) line. At the heart of FMIT is neutron flux-volume, dictated by user needs, and specified as 1015n/cm2-s in a volume of 10 cm3, with a 14-MeV average neutron energy. A considerably larger volume at reduced flux surrounds the hot core. To meet these goals, a 100-mA continuous duty deuteron beam at 35-MeV is required to be focused on a lithium target with a 3-cm by 1-cm spot size (FWHM). LASL is designing the accelerator to produce this beam and HEDL is developing the lithium target. Table I gives the principal accelerator and target specifications. The designs from the three major contractors, HEDL, LASL, and the architect-engineer, Ralph M. Parsons Co., will be brought together at HEDL and assembled into a facility that will become fully operational in 1985, after one year of testing and tune-up. Such a cooperative effort with such a high-power system requires that all possible design and fabrication problems be anticipated in advance. For this reason, a 5-MeV prototype of the FMIT has been designed for installation and test at LASL. The energy selected reflects the view that most accelerator design problems occur at the low-energy end of the machine. The prototype, which will operate with a continuous duty beam power of 500 kW, also will provide a base for instrumentation and control software development and operator training. Simultaneously, an experimental lithium-target system will be tested at HEDL. Marriage of the two systems will not occur until the FMIT is assembled at HEDL.
Beam Targeting
A sketch of a representative lithium target design is shown in Fig. 2 The Accelerator System Figure 3 shows the accelerator system. High reliability and high availability guide the design of the accelerator, because the facility must operate essentially as a factory for neutrons to meet the materials testing goals set up by the experimentors. Therefore, the injection voltage is kept low, around 100 kV, which enhances the ion source and accelerating column reliability. In fact, tests are underway to determine the effectiveness of the source at even lower voltages, 50-75 kV. Normally, such low injection voltages, coupled with the massive deuteron beam pose a serious mechanical design problem for the linac because the cell-length 6X is so short. In addition, the capture efficiency of a drift tube linac operating directly off such low-injection voltages would be extremely poor. This problem is circumvented by use of an intermediate low-beta linac, the new radio-frequency quadrupole (RFQ), which efficiently captures over 90% of the low energy injected beam and raises its energy to 2 MeV where SX = 17.3 cm. This greatly simplifies design of the first drift tube, as well as allowing more effective capture of the beam by the linac. The RFQ is a revolutionary accelerator concept, first proposed by the Russians, and designed and tested in this country for use in FMIT by LASL. The outstanding advantage of the RFQ is the fact that it focuses the beam with electric fields that vary at radio-frequencies; this allows effective focusing at low energies. By machining the structure's vane tip low-energy focusing can be blended with longitudinal accelerating field components to provide two additional operations: bunching and acceleration. The RFQ's output beam displays low emittance growth and is well bunched; it is ideally suited for matching into a drift-tube linac. A 425-MHz proof-of-principal (POP) working model of the RFQ was tested at LASL in early 1979; it met or exceeded all design expectations in accelerating a proton beam. RFQ is physically much larger than the POP model and must carry away several hundred kilowatts of RF power dissipation; it is similar in all beam-dynamical respects to the high-frequency experiment, and is expected to perform well in the FMIT. One of the major mechanical differences between the two is that POP waveguide coupling is not practical in the FMIT because of the low frequency; therefore, coaxial drive-loop coupling is required. However, an RF manifold, operating in TEM mode, to cross-couple through angled slots into the TE210-like mode required by the RFQ cavity itself, is a sound approach.
The drift-tube linac accelerates the beam from 2 MeV to 35 MeV with an intermediate energy of 20 MeV, obtained by turning off the downstream tank RF power. The tank shell is steel, sheathed in 0.5-cm-thick copper for ease of fabrication and for good thermal properties. The linac operates at 80 MHz, a compromise between such factors as the large drift-tube bore diameters required (5-8 cm) availability of RF amplifiers for high-power cw operation, and the desire to reduce the physical size of components. The tanks are post-coupler stabilized and the drift tubes are assembled into girder-supported modules for ease of maintenance and alignment. Because of activation of the.drift tubes due to beam spill, manned entry into the tanks is prohibited after deuteron beam operation begins. Therefore, the design approach is to weld all RF joints where possible, to avoid all components at the RF surface of the tank that are difficult to service (such as water-cooled vacuum grills), and to fabricate the tanks as two complete assemblies 18 m and 15 m long, joined by an intertank spacer. All peripheral components, including the drift-tube girders, can be removed from the outside. Beam steering is provided by steering coils superimposed on the quadrupole magnets in the front-end drift tubes, but excessive use of such steering introduces sextupole field distortions. The best way to avoid steering is precision alignment. This is handled as shown in Fig. 5 . Each girder assembly is prealigned and checked out in an alignment dock. The entire assembly is then installed in the tank, where it is supported on kinematic mounts. Optical alignment of each girder relative to other girders then assures accurate alignment of the drift-tube quadrupoles.
The RF power demand of the linac is 5.5 MW, delivered by 13 drive loops. The RF loops are driven simultaneously, delivering the required power under the control of amplitude and phase servos. Difficulties with multi-loop drive at high power will be assessed in the prototype program at LASL. Although the FMIT is rated for continuous-duty operation, pulsed operation is also possible to assist in checkout and tuneup at full current but at low average-beam 
